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(57) Abstract 

An agglomerated powder is produced in a plant where the product is agglomerated in two stages. First a liquid concentrated feed of 
the product is atomized by an atomizer in a drying chamber. The fine particles are transferred to a separating device to be split up in a 
first and second fraction. The first of these is led to die atomizer in the drying chamber to perform a first agglomeration and the resulting 
agglomerates are accomodated in an internal fluid bed in the drying chamber and from this transferred to an external fluid bed. Also the 
second fraction is transferred to said external fluid bed where water by another atomizer is atomized over a fluidized layer of agglomerates 
to perform a second agglomeration of the product The produced agglomerated powder is able to fully satisfy the request an end-user may 
have to the specific properties of a product Hke e.g. baby food. 
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A method and a plant for an agglomerated product 



The present invention relates to a method and a plant for 
the preparation of agglomerated milk products and milk- 
like products e.g. baby food in a two-stage agglomeration 
process comprising spray drying of a concentrated premlx 
which is pre-agglomerated by return of fine particles to 
the atomizer and, in a subsequent step, post-agglomeration 
by wetting and drying in a fluidized bed. 



10 



The invention specifically relates to the manufacture of 
agglomerated baby foods known as infant formula and 
follow-up formula and to the manufacture of whey protein 
concentrates. The manufacturer of such products must be 

15 able to meet a number of requirements from authorities and 

from the end-users. The gross composition of such products 
is often controlled by local recommendations. However, in 
the case of baby food, the manufacturer may vary the indi- 
vidual constituents in a wide range to give a good 

20 resemblance of mother's milk or to add specific healthy 

ingredients. Therefore, the chemical composition of the 
before-mentioned milk and milk-like products may vary 
within wide limits. 

25 Next, the agglomerated powders must satisfy a series of 

physical requests from the end-user, i.e. the powder must 
be immediately soluble in luke warm water, it must not 
cause any small lumps in the bottle, it must be easily and 
accurately dispensed, have a certain bulk density, be dust 

30 free, have a long shelf life etc. 

Since the physical properties of an agglomerate are most 
dependant on the chemical composition, an apparatus for 
the manufacture of these milk-like products must be very 
35 flexible. 
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It is a well known process to manufacture a powdered baby 
food by spray drying a concentrated preraix and agglomerat- 
ing the powder by recirculating all fine particles to the 
atomizer. The obtained agglomerates are subsequently dried 
5 in a fluidized bed. 

This process is e.g. explained by Haugaard S0rensen et al. 
in Scandinavian Dairy Information 4, 1992. The disadvan- 
tage of the process is that it is very difficult to avoid 
10 some formation of oversize particles which tend to form 
lumps when redissolved. In addition, the agglomerates 
produced in this way are ve±y unstable. 

Further, it is a known technique to manufacture agglo- 
15 merated baby food by the so called re- wet agglomeration in 
which previously spray dried powders are wetted with 8-10% 
water in a special wetting chamber and dried in a separate 
fluid bed. This process, e.g. described by Masters, Spray 
Drying Handbook, 1985, p. 602, has the disadvantage of 
20 requiring high rates of water and corresponding additional 

drying, and it is claimed to be suitable for production of 
small agglomerates only. 

Further, the applicant has for many years manufactured and 
25 sold re- wet agglomerators for agglomeration and drying of 

baby foods. This apparatus is a fluid bed in which one or 
several series of flat spray two-fluid nozzles are 
arranged transversely in a first section of a vibrated 
plug flow fluid bed. The nozzle slit is vertical. This 
30 agglomerator is flexible, however, has the disadvantage of 
also requiring 8-10% added water and a corresponding large 
area with warm air for drying out this water. 

Further, it is known in the dairy industry to agglomerate 
35 milk and milk-like powder products in an integrated fluid 
bed spray dryer, using low outlet temperature. This 
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agglomeration is claimed to take place mainly in the fluid 
bed* The fluid bed handles powder of high residual mois- 
ture which in the subsequent stage is removed in a tradi- 
tional fluid bed dryer. (Masters, Spray Drying Handbook , 
5 1991, pp. 615 and 597). 

It is a common problem, using the prior art, that agglome- 
ration of certain products in the milk industry and some 
milk-like baby food formulations is very difficult, espe- 
10 cially if the liquid premix was atomized from a nozzle 

atomizer and that manufacture of stable, non dusty powders 
with customer requested functional properties requires 
substantial additional water evaporation and operator 
skill. 

15 

The present invention of a two- stage agglomeration process 
eliminates these drawbacks. 

The concentrated liquid premix is spray dried in a conven- 
20 tional spray dryer with an internal non-vibrating fluid 

bed at the bottom. 

In the first stage of agglomeration, only a controlled 
fraction of the fine particles from the spray dryer is 

25 recycled pneumatically to the wet zone around the atomizer 
while the rest of the fine particles is conveyed to the 
external fluid bed. The atomizer is a rotary disk type or 
a well known set-up of one or more pressure swirl nozzles. 
The controlled fraction of the fine particles is intro- 

30 duced through a set of tubes into the wet zone of atomized 

droplets at an adjustable velocity, allowing for an 
accurate control of the first stage of agglomeration. 



35 



In the second stage of agglomeration, water is atomized 
through flat spray two-fluid nozzles above a fluidized 
layer of the pre-agglomerated particles from the first 
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stage. The fluid bed has down stream sections for final 
drying and for cooling before the powder is conveyed to 
packaging or silo. 

5 It has been shown - as it will appear from the later on 
disclosed Examples 1-8 - that a two-stage agglomeration, 
comprising recycling of a controlled fraction of fines to 
the atomizer at a controlled velocity and, in a continuous 
process, wetting by atomizing a small amount of water upon 
10 a fluidized layer of powder, has a number of unexpected 

advantages compared to prior art. 

In the first stage, the agglomeration is fully controlled 
according to requirements for different formulations and 

15 end-users. This in turn means that the agglomeration in 

the first hand takes place around the atomizer, and pre- 
ferably not in the internal fluid bed which is used for 
separation of the fine particles only. The first agglome- 
ration has only a slight effect on particle size and 

20 particle size distribution. However, it has an effect 

which might be explained as an activation of the surface 
of the particles for agglomeration in the second stage. As 
a consequence, the second agglomeration is performed with 
an unexpected low consumption of water (typically 4%) for 

25 production of particles with an unprecedented combination 
of functional reconstitution properties and high bulk 
density. 

The two- stage agglomeration process offers advantages 
30 which reach far beyond the mere combination of fines 
return and re- wet agglomeration: 

- the amount of fine particles recycled is reduced, 
requiring less equipment and energy, 
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- the amount of water to be evaporated in the fluid bed is 
strongly reduced, requiring smaller fluid bed, less air 
and less energy, 

5 - the system is highly flexible, 

- the total thermal degradation of particles is strongly 
reduced. 

10 The invention is further elaborated in the following 
description, referring to the drawing. 

The premixed baby- food concentrate is led from a vessel 1 
by a pump 2 to the atomizer 3 and is atomized into the 

15 spray dryer chamber 6. The atomizer 6 is a centrifugal 

atomizer or a set-up of pressure nozzles* Air is heated in 
the heat exchanger 4 and is introduced into the dryer 
chamber through an annular opening 20 around the atomizer 
3. The bottom of the chamber has an integrated internal 

20 non-vibrating fluid bed 7. Drying air leaves the chamber 

through a duct 8 and fine particles are separated from the 
drying air in one or several cyclones 9. The fine par- 
ticles from the cyclones are divided into two fractions in 
a controlled way by a separating device 19, e.g. a weigh- 

25 ing band. The first fraction is conveyed pneumatically 

through a duct 12 and is blown into the chamber through a 
set of fines return tubes in the annular opening 20, close 
to the moist droplets from the atomizer* The second 
fraction is conveyed through a duct 13 to an external, 

30 vibrating fluid bed 11. 

Particles from the internal fluid bed 7 are conveyed, pre- 
ferably by a dense or pulse phase conveying system via a 
buffer tank 10 to the vibrating fluid bed 11. 



35 
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The fluid bed 11 has three sections 14, 15 and 16, In 
section 14 a set of two-fluid nozzles for water 17 is 
placed above the fluidized powder, pointing downward and 
forward* The powder is dried by warm air in section 15 and 
5 cooled in section 16. The final powder is conveyed to a 
silo (not shown) from duct 18. 

The invention and the advantages obtained by using this 
are more detailed elucidated by the results from a series 
10 of experiments, 1 - 8 as were carried out by means of an 
APV Anhydro spray dryer system as described above and 
depicted in the drawing. 

The diameter of the dryer is 4.3 m and the cylindrical 
15 height is 3 m. The top angle of the conical bottom is 50 

degrees. The atomizer in experiment 1-3 and 5-7 was a 
centrifugal atomizer with a diameter of 250 mm, running 
12.500 rpm. The annular air distributor had 4 tubes for 
fines return, directed towards the wet zone. 

20 

In experiment 4 and 8 an atomizer with a set-up of 4 
adjustable high pressure nozzles was used, one of these 
with a coaxial surrounding tube for return of the fine 
particles. The internal, circular fluid bed had a diameter 
25 of 1.1 m. The height of the fluidized layer was 0.4 m. 

2 

The external fluid bed agglomerator with 1.25 m sieve 
plate had three sections for respectively agglomerating, 
drying and cooling. In the first end of the first section 
30 were two sets of flat spray two- fluid nozzles, with the 

slit positioned vertically, pointing downward- forward 
above the powder, at an angle of 20 degrees with vertical. 
Powder was conveyed from the internal to the external 
fluid bed by a dense phase pneumatic conveyer. 

35 

In all experiments, the fat component was mixed with 
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water, vitamins and with raw materials in powder form, 
i.e. casein, whey, skim milk, malto dextrine etc. The 
mixture was heat-treated and homogenized according to 
common practice and was finally evaporated to the desired 
5 total solids content in a one stage finisher before the 
spray drying experiments. 

Examples 1-4 

10 The formulation used were, 

fat: 28.2% 
protein: 13.1% 
carbohydrates 54.0% 

15 

The total solids contents ( 54% ) and spray dryer inlet gas 
temperature (180°C) were kept constant to facilitate com- 
parison between experiments. 

20 In all tests feed product temperature was 70°C, fluidiza- 
tion velocity in internal fluid bed was 0.5 m/s, and in 
the external agglomerator sections resp. 1.0, 0.4 and 0.4 
m/s. 

25 The table shows test conditions and powder analysis. 



30 



35 
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10 



15 



20 



25 
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part size (d'/n) 


225/1.9 


250/2.1 


333/3.0 


350/3.3 


part moist 


2 


1.9 


2.1 


1.6 


bulk density urrtapAap 


0.34/0.43 


0.4/0.45 


0.43/0.51 


0.47/0.59 


frac. fines < 114/85 mum 


20/15 
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4/2 


solubility index (ADMI) 


<0.1 


<0.1 


<0.1 


<0.1 


wettability (IDF) 


10 


14 


15 


15 


free fat 


3 
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2.5 


2.5 


flowabiiity sec 
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baby's bottle test 


1.5 
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mech. stability 


74 
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The amount of fine particles return and of re-wet water is 
expressed as weight % relative to the amount of powder 
30 produced . 

Standard methods for powder analysis are referred to in 
the table where appropriate. The method referred to as 
"baby's bottle analysis" is an internal standard which 
35 reflects the end user's impression of whether a powder 

tends to form insoluble particles in the baby's bottle. 
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The scale is from 1 to 5, 1 being best. 

The method "mech. stability" is weight % over 150 micro- 
meters after 10 minutes relative to after 5 minutes in a 
standard air sieve, expressed in %. A high number is an 
indicator for a stable agglomerate. 

Examples 1 and 2 are performed according to prior art, 
i.e. example 1 is with agglomeration by fines return only 
and example 2 with re-wet agglomeration only. The produced 
powders are of very good quality, however, particle size, 
bulk density, flowability and reconstitution properties do 
not fully meet customer's demands. Further, by the re-wet 
agglomeration process it was necessary to spray 11% of 
water which subsequently had to be dried off in order to 
achieve the agglomeration. 

In example 3 only 10% fine particles is recycles to the 
atomizer and 5% water is added in the fluid bed. The 
20 obtained powder shows substantial improved properties 

compared to prior art powders: increased bulk density, 
good flowability, low fraction of fines, improved 
reconstitution and improved agglomerate mechanical 
stability. The same applies to example 4, using nozzle 
25 atomization • 



10 



15 



30 



35 



WO 95/00031 



PCT/DK94/00257 



10 



- 10 



Examples 5-8 

The experiments were in this case carried out in exactly 
the same way as for the above discussed experiments 1-4, 
but the formulation used was another one, namely 

fat: 20.0% 
protein: 19.1% 
carbohydrates 56.1% 

TABLE II 
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30 
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part size (d'/n) 


220/1.9 


240/2.0 


330/2.9 


350/3.2 


part moist 


2 


1.9 


2.1 


1.6 


bulk density untapAap 


0.34/0.43 


0.39/0.45 


0.42/0.50 


0.46/0.58 


frac. fines <1 14/85 mum 


18/14 


15/10 


4/3 


4/2 


solubility index (ADMI) 


<0.1 


<0.1 


<0.1 


<0.1 


wettability (IDF) 


11 


14 
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15 


free fat 


3 


2.5 
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2.5 


flowability sec 
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Patent Claims: 



1* A method for producing an agglomerated powder of a 
5 milk product or a milk-like product, e.g. baby food 
wherein a concentrated liquid feed of the product is 
atomized by an atomizer in a drying chamber, the fine 
particles are recirculated to the wet zone around this 
atomizer to perform an agglomeration of the product and 

10 the resulting agglomerates are accommodated in an internal 
fluid bed in the drying chamber, characterized 
in that the agglomerates then are transferred from the 
internal fluid bed to a fluidized layer in an external 
fluid bed and the fine particles are tranferred to a 

15 separating device and splitted up by this into a first and 

second fraction, whereafter only the first of said frac- 
tions is recirculated to the wet zone around the atomizer 
in the drying chamber while the second one is led to the 
external fluid bed, where water, by another atomizer, is 

20 atomized over the fluidized layer of agglomerates to 

perform a further agglomeration of the product. 

2. The method according to claim 1, character- 
ized in that the fine particles are split up in a 

25 first and second fraction by weighing in the separating 

device. 

3. The method according to claim lor2, charac- 
terized in that the first fraction of fine par- 

30 tides is introduced to the wet zone around the atomizer 
in the drying chamber with adjustable velocity. 

4. The method according to claims 1, 2 or 3, cha- 
racterized in that the first fraction of fine 

35 particles is pneumatically transferred from the separating 
device to the drying chamber. 
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5. The method according to one or more of claims 1-4 , 
characterized in that the first fraction of 
fine particles is less than 40%, preferably from 5-15% of 
the total output of produced powder by weight. 

5 

6. The method according to one or more of claims 1-5, 
characterized in that the agglomerates leav- 
ing the internal fluid bed in the drying chamber and the 
second fraction of fine particles leaving the separating 

10 device are united and led to the external fluid bed. 

7. The method according to one or more of claims 1-6, 
characterized in that the water atomized in 
the external fluid bed is less than 8%, preferably from 4 

15 to 5% of the total output of produced powder by weight. 

8. The method according to one or more of claims 1-7, 
characterized in that the water atomized in 
the external fluid bed is atomized through at least one 

20 two-fluid nozzle. 

9. The method according to one or more of claims 1-8, 
characterized in that the product in the 
fluidized layer in the external fluid bed is horizontally 

25 moved from an inlet to an outlet of the fluid bed going 

through the steps of further agglomerating, drying and 
cooling of the agglomerates. 

10. A plant for producing an agglomerated powder of a 
30 milk product or a milk-like product, e.g. baby food 

comprising, 

a) a drying chamber, 

35 b) an atomizer arranged in the drying chamber and adapted 

to atomize a concentrated liquid feed of the product 
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in the drying chamber, 

c) means to recirculate the fine particles to the wet 
zone around the atomizer to perform an agglomeration 

5 of the product, and 

d) an internal fluid bed in the drying chamber for 
accomodating the resulting agglomerates, 

10 characterized in further comprising, 

e) an external fluid bed with a fluidized layer of 
agglomerates , 

15 f ) means to transfer the agglomerates from the internal 
fluid bed to the fluidized layer of agglomerates in 
the external fluid bed, 

g) a separating device for splitting the fine particles 
20 up into a first and a second fraction, 

h) means to transfer the fine particles from the drying 
chamber to the separating device, 

25 i) means to lead the first fraction of fine particles to 

the wet zone around the atomizer in the drying 
chamber, 

j ) means to lead the second fraction of fine particles to 
30 the external fluid bed, and 

k) another atomizer in the external fluid bed to atomize 
water over the fluidized layer of agglomerates to per- 
form a further agglomeration of the product. 
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11. A plant according to claim 10, character- 
ized in that the separating device comprises a weigh- 
ing device for weighing the first fraction of fine 
particles. 

5 

12. A plant according to claim 10 or 11, charac- 
terized in comprising adjustable means to control 
the velocity of the first fraction of fine particles when 
introduced to the wet zone around the atomizer in the 

10 drying chamber. 

13. A plant according to claim 10, 11 or 12, cha- 
racterized in comprising means to pneumatically 
transfer the first fraction of fine particles from the 

15 separating device to the drying chamber. 

14. A plant according to one or more of claims 10-13, 
characterized in that the atomizer in the 
external fluid bed consists of at least one two-fluid 

20 nozzle arranged inclined over the fluidized layer of 
agglomerates and pointing toward said layer. 

15. A plant according to one or more of claims 10-14, 
characterized in that the fluid bed comprises 

25 means to vibrate the fluid bed and that said bed between 
the inlet and the outlet has three sections for agglo- 
merating, drying and cooling, respectively, the 
agglomerates • 
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